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APvendix A

This appendix contains the processed transducer signals from
the 11 (Cobra) telescopic sighting unit (TSU) tests with inertia
reels and without airbags.

These include eight tests (LX6196 - LX6204) conducted during
the first phase of testing and three tests (LX6274 - LX6276)
which were run in the second phase.

Figures A-i thru A-l1 show the sled acceleration pulses and
computed velocity and jerk signals for the 11 tests.

Figures A-12 thru A-22 display available components and
resultants head linear accelerations.

Figures A-23 thru A-33 display the head roll acceleration
signals and computed angular velocities and displacements.

Figures A-34 thru A-44 show the head pitch acceleration
signals and computed angular velocities and displacements.

Figures A-45 thru A-55 display the amounts of belt extension
and the computed velocities and accelerations.
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Appendix A

1. LX6196
2. LX6197
3. LX6198
4. LX6199
5. LX6200
6. LX6201
7. LX6203

8. LX6204
9. LX6274

10. LX6275
11. LX6276
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Figure A-4. Sled acceleration signal and its computed
velocity and jerk for test LX6199.
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Figure A-6. Sled acceleration signal and its computed
velocity and jerk for test LX6201.
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Figure A-7. Sled acceleration signal and its computed
velocity and jerk for test LX6203.
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Figure A-10. Sled acceleration signal and its computed
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Figure A-12. Three components and resultant of the linear
head acceleration for test LX6196.
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Figure A-13. Three components and resultant of the linear
head acceleration for test LX6197.
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Figure A-14. Three components and resultant of the linear
head acceleration for test LX6198.
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Figure A-15. Three components and resultant of the linear
head acceleration for test LX6199.
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Figure A-17. Three components and resultant of the linear
head acceleration for test LX6201.
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head acceleration for test LX6203.
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Figure A-19. Three components and resultant of the linear
head acceleration for test LX6204.
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Figure A-20. Three components' and resultant of the linear
head acceleration for test LX6274.
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Figure A-21. Three components and resultant of the linear
head acceleration for test LX6275.
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Figure A-22. Three components and resultant of the linear

.head acceleration for test LX6276.
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Figure A-23. Head roll angular acceleration, velocity, and

displacement signals for test LX6196.
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Figure A-25. Head roll angular acceleration, velocity, and
displacement signals for test LX6198.
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Figure A-30. Head roll angular acceleration, velocity, and

displacement signals for test LX6204.
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Figure A-31. Head roll angular acceleration, velocity, and
displacement signals for test LX6274.
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Figure A-33. Head roll angular acceleration, velocity, and
displacement signals for test LX6276.
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maxima: 1496 rad/s/s 23.4 rad/s 29 degTest: LX61 97 minima: -2168 -33.9 -62
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Figure A-35. Head pitch angular acceleration, velocity, and
displacement signals for test LX6197.
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Figure A-36. Head pitch angular acceleration, velocity, and
displacement signals for test LX6198.
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Figure A-37. Head pitch angular acceleration, velocity, and
displacement signals for test LX6199.
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Figure A-38. Head pitch angular acceleration, velocity, and
displacement signals for test LX6200.
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Figure A-39. Head Pitch angular acceleration, velocity, and
displacement signals for test LX6201.
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Figure A-40; Head pitch angular acceleration,, velocity, and
displacement signals for test LX6203.
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.... .. .......I ..... ..

.. ... . ... .. . ... ... ... ..... .

.1500 - ...--------- --------

............. .. ........ ......... ....... ......... ............................

Tm: 0 400 soc120 eraZ20tZ (MS

displacement signals for test LX6274.
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maxima: 13393 rad/sl, 13.4 rad/a 8 degTest: LX6275 mi.nima: -5188 -75.8 -68

-60
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44



Tet: L626maxima: 3509 radl// 13.4 radls 13 dogTet X26mnm: -5044 -40.0 -50

0 - --- - ........

0ft - --- *- q - -------

*0 -20 - - -

20 ....... -- ----- 4 - . .. . .-... . .

-20-

-40
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maxima: 149.2 cm 341.99 m/s 17566.9 GTest: LX6196 mini.ma: -938.9 -642.84 -7787.6

1 0000.......

00

-A ------- ... .. ...........
-10000

250 - ~ .*....................__ ...

-250....

00

.50

o ~ -200 p........... ........................ . ....

2 -00 ......

........... ....... ............. ..... .....
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-00

-400



maxi.ma: 3.0 cm 3.48 rn/s 69.1 GTest: LX6197 minima: -3.5 -2.83 -66.3

-~~~ -- -e -- - ----- * *-- - ---- ---

40

2.

2..........

....... 1 .. 4. . ........

.2 .. ...... .................................

0... ..... ..... ..... .... .. .....

...... ......... ..... ........... ........ ........... . ... ....

-3"

ime: 0 50 100 150 200 250 (ing)

Figure A-46. Amount of belt extension and the velocity and
acceleration of extension for test LX6197.
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maxima: 6.8 Cm. 3.09 rn/s 62.7 GTest: LX6198 minima: -1.4 -2.55 -59.3
... r..... .... .... y ............ ......... . p *.

40 _

00

.. . 4. .. . .....

. ~ .4

44

0

-2 - _ _ _ _ _ __ _ _ _

ime: 0 50 100 150 200 250 (MB)

Figure A-47. Amount of belt extension and t he velocity and
acceleration of extension for test LX6198.
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maxima: 11.4 cm 119.32 M/3 1672.9 GTest: LX61 99 minima: -103.8 -109.83 -1703.8

S 1000 -

Le

-1000

---- - I - I ------ .... -.... ........-

80 ... .. ... . -.

00

20.. . . _ _ ..... ......

---------- -2 ---- ._ _ .....

20_

,23 -20

-60 ~4

2~e 0 so 10 0020(a
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maxi.ma: 8.7 cm 3.98 rn/s 67.8 GTest: LX6200 mna:-.1 -1.S5 -54.5

40

.~ . ..... .. ... ... . .

4

0 --------

S8

6

4

2 I

0

Time: 0 50 100 150 200 250 (MS)

Figure A-49. Amount of belt extension and the velocity and
acceleration of extension for test LX6200.

53



maxima: 10.3 cm 4.09 rn/s 68.0GTest: LX6201 minima: .0 -1.64 -73.3

40

40 V\

0~ .0

10

6

45



maxima: .0 CM 3.29 mn/3 79.6 GTest: LX6203 mini~ma: -17.4 -5.49 -96.3

-100 . ......................... ........ -.... .. **........... ......... 4................. ..... ..... . -.... .................. -..

00

S-5.0 . - _ _ _

-7.5

0!

-15.0 --
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maxima: .1 CM 6.08 rn/S 76.4 G
Test: LX6204 mirninma: -38.8 -7.11 -82.0

40

0 - ------- - -- - -----

Q -4 ---- -----------.-. ..-

0

--- .. ...

~ -6

S -24

-32~

lime: 0 50 100 150 200 250 (ms)

Figure A-52. Amount of belt extension and the velocity and
acceleration of extension for test LX6204.
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maxima: 3.6 cm 1.02 rn/s 11.7 GTest: LX6274 minima: - .3 -. 32 -9.7

..........(........5 ......................... ................ .. ...........................--- ----

8

0

----- -

.8

.4

0

4.0 ... ............-

3.2

o ~ 2.4-----

C1. -- . .......... ..............

0

ime: 0 50 100 150 200 250 (ms)

Figure-A-53. Amount of belt extension and the velocity and
acceleration of extension for test LX6274.
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maxima: 1.9 CM .75 rn/s 7.3 GTest: LX6275 mni~nma: -. 2 -. 44 -6.6

4

-4

- N - - - -- a - -----------
-.4- N - - - ----- a -

.............. ...........

2.0 ................. . .j....... . ...... ... . .................. .............

II .8
a .4 -- --------

0

ime: 0 50 100 150 200 250 (ma)

Figure A-54. Amount of belt extension and the velocity and
acceleration of extension for test LX6275.



maxima: 12.8 cm 4.65 Mn/3 36.9 GTest: LX6276 minima: -. 6 -1.98 -23.4
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ARpendix B

This appendix contains the processed transducer signals from
the 11 AH-64 (Apache) optical relay tube (ORT) tests with inertia
reels and without airbags.

These include 10 tests (LX6208 - LX6217) conducted during the
first phase of testing and one test (LX6277) which were run in
the second phase.

Figures B-i thru B-11 show the sled acceleration pulses and
computed velocity and jerk signals for the 11 tests.

Figures B-12 thru B-22 display components and resultants head
linear accelerations.

Figures B-23 thru B-33 display the head roll acceleration
signals and computed angular velocities and displacements.

Figures B-34 thru B-44 show the head pitch acceleration
signals and computed angular velocities and displacements.

No belt extension signals were available for these tests.
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Appendix B

1. LX620

1. LX6209
2. LX620
3. LX6211
4. LX6212
5. LX6213
6. LX6214
7. LX6215
8. LX6216
90. LX6217

11. LX6277
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maxima: 6.6B G 10.71 Mn/3 674 G/3Test: LX6208 minima: -. 51 -.00 -150

S 5 0 .. ................. ............. ............. ........- ... ... ....... ...... ....

250-

12 ....-....

........ ....... ........... ...... a

12 - - -. -- -------- ........ .....

0..... .... .. .-.....- . .... .. ....... ..... .... -- - - - -

2

0~~ ~~~~~ ..- .A . .. ....4.. . -....... .....

velocity and jerk for test LX6208.
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maxima: 6.72 G 10.69 M/3 701 G/3Test: LX6209 minima: -. 62 .00 -257

500-

250-

00

0 -_ _--------

88

2

(1) 0
I IC

lim: 0 100 200 300 400 500 (ins)

Figure B-2. Sled acceleration signal and its computed
velocity and jerk for test LX6209.
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maxima: 6.71 G 10.69 rn/a 710 G/aTest: LXB21O0 minima: -. 64 .00 -272

.-.-.-........-..-- .-- ...-.-..-.....-...-- .-.- ------------ ----- - - - - - - - -

250~~~. .-- .......--- -

2

4 ..- -t - - - 4 - - . . .... ....... . 9.......

...... ..a ..4 

...

(50

2 ... .- - -.......

4J 0 .. .. ..... ...........

LeI

2

---------- ... ..... .... ... .....

lime: 0 100 200 300 400 500 (inS)

Figure B-3. Sled acceleration signal and its computed
velocity and jerk for test LX6210.
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maxima: 6.76 G 10.71 rn/s 819 G/3

Test: LX6211I minima: -. 55 .00 -217

00--........ ................... ......

~4 0 0 ---------- -----

0 -4*-"W-O0%

-40 - - ------

.. . ~~~~~~....... ..... ............. ...--........; ........

4

LI a -- .

2

-2

Time: 0 100 200 300 400 500 (ma)

Figure B-4. Sled acceleration signal and its computed
velocity and jerk for test LX6211.



maxima: 6.76 G 10.75 rn/s 827 G/3Test: LX621 2 minima: -.48 .00 -163

750 ..................................................

................................ ? ...... ........

So

250-.-.-.-...........-.....-..--....--.-.....-..-..-.............. ...............

4__

S0

n. ...... -.... ... ....... ......
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maxima: 6.77 G 10.73 rn/3 837 G/3Test: LX6213 minima: -. 56 .00 -258

...0 - ..... t. .. - ------ - ...

0

12

M:0 100 20 30 0 * 0(B

Fiur B-6 Sle aceerto sina an i t- t compte-d

veoiyadjr8frts X23

.1. 4 *



Tet X24 maxima: 6.76 G 10.75 rn/s 712 GbsTet X24 minima- -.37 .00 -137

250

W- .o-ow0

-- * h

12 *__ _ _

8

4.

S0

........ ......... ... . ... .. . .. ... . . ..... I . . . ....... ........ .

4 ..... .... .. ...

-2

ime: 0 100 200 300 400 500 (ma)

Figure B-7. Sled acceleration signal and its computed
velocity and jerk for test LX6214.
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maxima: 6.76 G 10.73 rn/s 719 G/3Test: LX6215 minima: -. 37 .00 -150

250-- -

12 -

.. ... ..._ _. ... .... ..... ...

......... - .- , . . ... - .. . . . - .- - . . . . .......... .......

4...... ....

2

1 0 ------- .....

.22

lim: 0 100 200 300 400 500 (mq)

Figure B-8. Sled acceleration signal and its computed
velocity and jerk for test LX6215.
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maxima: 6.76 G -0.73 rn/3 733 G/sTest: LX621 6 minima: -. 34 .00 -143

. ...... ...... -... ...... . ..

S5o~ - .-----

0%0

4

00

4 ...........- a

0%0

Time 0 10 0 0 4050(B

Fiur B-9 Sle aceerto sinladitscmue

veoct an ekfrts X26
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maxima: 6.74 G 10.77 m/s 709 G/3s
Test: LX6217 minima: -. 31 .00 -136

OO-

12 '

~~8 & ! ' 4

S i

4

00 o - _ _ __ __ !

, S

8

00

_ _ _ __ _ _ I - -

ehm 0 10 20 30 40 50 (M

Fiur B-0 Sldaclrto inladiscmue

6 a jr f tI " 7

___________ ________•

-- t -I

ime: 0 100 200 300 400 500 (ins)

Figure B-l0. Sled accelerati:on signal and its computed
veloci~ty and :jerk for test LX6217.
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maxima: 8.93 G 10.83 mn/3 703 G/s
Test: LX6277 minima: -. 26 .00 -166

250

S0

8 -- - a

4 --- ---

.~~ ~ ~ ~ .-. ***.. ... .*..*. -.. ....... ........... .. ... ...

10

8

4

82
S0

Thm: 0 100 200 300 400 500 (MS)

Figure B-11. Sled acceleration signal and its computed
velocity and jerk for test LX6277.
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Tet X2B maxima: 4.9 Gx 3.6 Gy 13.7 Gz

To X28 minima: -71.7 -39.9 -45.3

-0

th .2

-20

0 .. ............ .. ..

.-t E .4 .-.... - -... ......... ......

-80 ----------. . . . . . . . . . .. **. .*.............. ..

peak. 93.5 G

H.L.C.= 159
T1iz 165.4 ma

-T2. 169.S M8
60-

Lb

lime: 0 50 100 150 200 250 (MS)

Figure B-12. Three components and resultant of the linear
head acceleration for test LX6208.

74



maxima: 1.6 Gx 1.8 Gy 9.0 GzTest: LX6209 mini~ma: -27.0 -7.4 -15.7

~N -10 _

0

- - -- -------------

---- -ft . . . ~ . . - --------- ...

-10-

Peak 31.8 G
32H.L.C. =42

T1 152.1 MS
~e2 -T2= 165.5 ms

S 16- ----

A _ _~i%

8

Time: 0 50 100 150 200 250 (Ma)

Figure B-13. Three components and resultant of the linear
head acceleration for test LX6209.
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maxima: 1.6 Gx 1. 5 Gy 9.1 GzTest: LX621 0 mni~uma: -25.4 -10.5 -12.0

8 _ _ _

0

-10

-0 -F"_ __ _ _ _ _ __ _ _ _

-20 __ T1 155m

20 T1= 152.51,m
153 -46 me1 - ____ ....-

15S

10

ime: 0 50 100 150 200 250 (me)

Figure B-14. Three components and resultant of the linear
head acceleration for test LX6210.
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maxima: 1.7 Gx 3.1 Gy 9.2 GzTest: LX6211I minima: -33.3 -13.5 -17.7

10

-.- -------

-- - - ---------- --- - -

-40................ ... .*. ..... ....... ... ............

H.I.C.= 51
_ 32T1 148.9 ms

T2= 159.8 MS

8 16

Time: 0 50 100 150 200 250 (ma)

Figure B-15. Three components and resultant of the linear
head acceleration for test LX6211.
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maxim: 2.3 Gx 2. 1 Gy 12.4 GzTest: LX6212 minima: -24.9 -11.1 -10.2

-8

0&

-8 L ... ...W

10

-10

25 Peak = 26.2 G..
H.I.C.= 27

20... ...... .......... .. ... ..... . ..... T i1 145.1 M S

.9 T2= 159.0 mg

0

lime: 0 s0 100 150 200 250 (MB)

Figure B-16. Three components and resultant of the linear
head acceleration for test LX6212.
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Test:LX621 2.1 Ox 1.8 Gy 9.2 GzTet X23 mnm: -30.4 -13.0 -20.3

-1 ----

- ' - a &:j Lid q - . - - .,. - .

., .5-----4------. -l-0&

.5; .5

-10

-20

Peak = 35.4 G

32 H...C....5.
-TI= 149.3 ms

~a 24-.............. ......... T2= 161.5Sms

. .. ... ....... . . . ......................

lime: 0 50 100 150 200 250 (me)

Figure B-17. Three components and resultant of the linear
head acceleration for test LX6213.
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maxima: 2.6 Gx 3.1 Gy 13.7 GzTest: LX6214 minima: -72.1 -22.0 -39.9

.2 . ... .. .......-.. . .. ........ .-

~ 0 L48,4ap+4wo A--

S -10- ------ -

-20

250- ........

Peak= 80.50G
80 H.I.C.= 126

_ TI = 178.3 ms
Cu 60 - _ __T2= 182.3 ms

ime: 0 50 100 150 200 250 (ins)

Figure B-18. Three components and resultant of the linear
head acceleration for test LX6214.
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maxima: 2.0 Gx 3.5 Gy 11.6 GzTest: LX6215 minima: -43.4 -18.8 -29.4

-20'-_

-11 0 -. F - -"-

~~ ~-8 - - . . __

.......- . ..... ......

50 Peak = 53.0OG
H.I.C. =68

4 0 T 72 0 M ................T...................1........7.............................

T2= 180.3 ms

0...........-............ . .................. ' - . .........- ...... ..-....
LO 0 ............ ............... i

Time: 0 50 100 150 200 250 (MS)

Figure B-19. Three components and resultant of the linear
head acceleration for test LX6215.



maxima: 2.5 GX 3.2 Gy 13.5 GzTest: LX6216 miunima: -57.3 -23.2 -35.4

lp -20

-......... - ......... ---------- ------------ --- ---- - ... . ..... . -

-10

-20 -

.....-...... - .......... - - ----

-40~ ---- ..........-.

-----40----

Pea 70. G - .. . ..- . .. ... . ..

80 * 05G4.
H.IC. 99
TI. 174.5 MS........

r.T2= 180.4 ms
40 .. . .-.... ... .

I 011

-20- - - -

Tim: 0 50 100 150 200 250 (inS)

Figure B-20. Three components and resultant of the linear
head acceleration for test LX6216.
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maxima: 3.2 Gx 3.0 Gy 15.6 GzTest: LX6217 minima: -10.8 -1.9 -4.3

0 a- -- -

2 - ..........................

-2.......

.. . . .. . . .. .. .. . . .. . . .. . . . .. . . .. . .. . .. a - -- a -

-5---~...................t.-

-1 1................. .. .... . ...

Peak. 15.8 G

16 ....-.... ... ... . . .

H..C 31
I z 1.9m

a .... ..... S a a

Time: 0 50 100 150 200 250 (Ma)

Figure B-21. Three components and resultant of the linear
head acceleration for test LX6217.
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maxima: .9 Gx 8.7 Gy 17.6 GzTest: LX6277 minima: -40.4 -8.8 -32.5

V ~ ~ 0 ........ - .... .... - .. ....... ... . .. . - ..

8

-8- - -

0 ---------- . ..... ..

3 -20

-4 0 -_---------

50 .... .......... Peak: 52.6 G
H.iC.: 82

40 TI= 134.3 MS
90T2z 1679ms

20 ____

iv I

lime: 0 50 100 150 200 250 (me)

Figure B-22. Three components and resultant of the linear
head acceleration for test LX6277.
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maxima: 1092 rad/s 3.1 rad/s 2 dogTest: LX6208 minima: -427 -2.9 -5

-4

- ------ - -

1000.0

-4-2

250
0

0 -

-250 ~4 ______

Time: 0 so 100 150 200 250 (inB)

Figure B-23.. Head roll angular acceleration, velocity, and
displacement signals for test LX6208.



Tet X29maxima: 182 rad/s/s 3.1 rad/s 14 dogTet X29minima: -355 -1.0 -1

1 -------- - .............-.-- ...-- .-- ..........--.....-....--...-....-...---...........-....-.........--.--........--.------ --

~~ 8 _

0)0

4-

S. 2-

02 -------

1 6 0 . .... ..... .... ... .... .... ......... ..

0kw 0 so10IO2020(e

Fiore B-4 edrl nua ceeain eoiy n
dipacmn ignl fo tet3X



maxima: 270 rad/s/s 2.5 rad/s 6 degTest: LX621I0 minima: -295 -1.3 -2

0~-- ----- -- . 4 - - -

4 0 . -..... . .-. . . . ....... .

2 . .

..... * .***~ ....... . . . .... ........

.... .~ ... . . .. ... - .... . ...... - . -

.~ ~~ ..-....-...

200

30 .. ...... ..

100 ....... ..-.....:--.---.-.--. .... .. ... .- ..

0100. ---

Fidisplacemend signals for test LX6210.
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maxima: 421 rad/s/3 3.6 rad/s 14 dogTest: LX621II rmnima: -350 -1.0 0
....- .....

12 - - ------..............

h 8

----- ...

_-----

4

0 .......=....= = =

N 0

------------ I

40

300____________

Thm: 0 50 100 150 200 250 (ma)

Figure B-26. Head roll angular acceleration, velocity, and
displacement signals for test LX6211.



maxima: 254 rad/3/s 4.2 rad/z 4 deg
Test: LX6212 minima: -350 -2.5 -3

2

93 0

.......... ...... .... .... -... ... .... . .... .. .

0

2a 00

00 h.qp .J j. a%. .... .. . ...... .. .... -. .... ...

-100 -

4200zzzz z
lim: 0 50 100 IS0 200 250 (ms)

Figure B-27. Head roll angular acceleration, velocity, and
displacement sign~als for test LX6212.



maxima: 324 rad/s/s 2.2 rad/s 1 deg
Test: LX6213 minima: -358 -1.7 -2

0 .

t

-1.6 ....

2'. 1

0 -

300

200

100 --- --------

0

Figure B-28. Head roll angular acceleration, vel.ocit.y, and
displacement signals for test LX6213.
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maxima: 595 rad/3/a 2.8 rad/s 5 deg

Test: LX6214 minimna: -249 -2.8 -

4 ......... ;........ .. , -. . . . . . .

2

450

300 .-.....

00

4 -50
Le -I_

X_ _ 300_I___

Q ____________________________

TISO 010 5 0020(

FiueL3.Ha olaglr ceeain eoiy n
dipaeetsgasfrts0X24
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Tet X25maxima: 496 rad/3/s 2.9 rad/3 6 degTet X25minima: -294 -1.4 -2

.. . ........ -------

0-

-2

450

'5'300-

a5

0

Si _ _ _-iso
aV

Tm 0 50_10 ISO 20__O(a
Figure_ B_30. Hedrl nuaraclrto, eoiy n

-300ceen sinasfo-ts-L625
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maxi.ma: 756 rad/s/s 2.4 rad/i 4 degTest: LX6216 minima: -308 -2.0 -1

2

---- --- - - - -- --- ---...... ...

-2-

600 . ..... ......... . ... ....... ...... .*.....

200-

O -200

ime: 0 s0 100 150 200 250 (Ma)

Figure B-31. Head roll angular acceleration, velocity, and
displacement signals for test LX6216.
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Tet:L627 maxima: 87 radii/a 1.2 rad/s 5 dog

6 ........... ... ..... ..... -.. ... ..... . ...... ......... . .... - -

4

0 - -

..........---- ~ ----- ..........--- -- ------- .. ......... - ---------

.8 - _ _

.4 ---------

0 - -----

80

5-44

-10 ----- - -I i 1S

flm:0 50 100 I50 200 250 (MO)

Figure B-32. Head roll angular acceleration, velocity, and
displacement signals for test LX6217.
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maxima: 742 rad/sa 1.2 rad/s 0 deqTest: LX6277 minima: -287 -2.1 -2

0.8 - ------

-92

E0 ..........

- . .. - ... .... ....... .. -.......

- p - a - ~-- -- a------- - a

-60-2 ..... ...... ...... --

E 450

300......

00

0Viv

lime: 0 50 100 150 200 250 (MS)

Figure B-33. Head roll angular acceleration, velocity, and
displacement signals for test LX6277.
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maxima: 11980 rad/al. 7.5 rad/s 0 deqTest: LX6208 minima: -1938 -42.8 -82

-50 ------

220

-40_ _ _

w- 2000S - a

0-

-2e:0- so 10_5_0020(S

tB-34 Hea pic angula aerain velociy, an

dipacmn -inl fo -es LX6-- -- U-
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maxima: 4611 rad/s/s 2.4 rad/a 2 deq
Test: LX6209 minima: -1526 -45.9 -78

......... .................

N -- ---- - - -- - -

-20

-20

-- - - -----

olm - --------- -------- - - ---------

3000 - ------

200 -

5-,N

-1000

Ti1000 so10102020(e

Figure B-35. Head pitch angular acceleration, velocity, and
displacement signals for test LX6209.

97



maxima: 3592 rad/n/a . 8 rad/ a 0 degTest: LX621I0 minima: -2245 -45.3 -102

.......... - - ... .. .. . .... .. .. .. ... .. . .. . . . . . . . . . .. . .. . . . . . . . . .

0

-120

0 -- -- - -

.20_ 
_

* -40'

2000

2000

10

-20001 1

Tim: 0 so 100 150 200 250 (MB)

Figure B-36. Head pitch angular acceleration, velocity, and
displacement signals for test LX6210.



maxima: 5292 rad/a/s .0 rad/s 0 dogTest: LX621 1 minima: -2047 -49.5 -132
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Tet X22 maxima: 4271 rad/al. 12.4 rad/a 0 dogTet X22 minima: -2791 -38.2 -104

O --- ---

-120 -

0

-20

-4

45003

3000S

15003

-3000

150e:0 50i---- 10_5020_5_(e
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maxima: 4886 rad/sl. 3.3 rad/3 0 deqTest: LX6213 minima: -2551 -47.3 -102

0

h 0__
-60

-1201

0

9) -40.

6000

4500

3000----

00

4 1500

-3000

71me: 0 50 100 150 200 250 (me)

Figure B-39. Head pitch angular acceleration, velocity, and
displacement signals for test LX6213.
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maxima: 13713 rad/sl. 19.0 rad/s 5 deq
Tomt: LX6214 minima: -2293 -28.3 -75
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maxima: 7176 rad/3/3 10.9 rad/s 4 dog
Test: LX621 5 mina: -1604 -38.6 -79

h -25

.20
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-200
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71500
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maxima: 9571 rad/s/a 14.3 rad/s 3 deqTest: LX621 6 mnim: -1953 -35.7 -82

-252
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(3 -20
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A 8000 _____________2 -
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maxima: 2209 rad/ash 10.3 rad/3 10 degTest: LX6217 minima: -495 -18.6 -77

-25

-50

-8

00

-16

2000- t *_ _ _

1200

00

44%

ime: 0 50 100 150 200 250 (ma)

Figure B-43. Head pitch angular acceleration, Velocity, and
displacement signals for test LX6217.
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maxima: 5591 rad/s/s 9.2 rad/s 0 degTest: LX6277 minima: -1247 -33.0 -60

.20 , - 1 2

,, ' . I i ..-

202

Gi I

" I
It

2 i i i
- - -•

220

3000 .. . ... ..

0 N ._r

-206

- i - [... ....... .. i i - - a i

5000 - + iI I i ,,

' .. 2

2000 ,,

Io o !I" ' 

t0 2

ime: 0 50 100 150 200 250 (ma)

Figure I3-44. Head pitchi angular acceleration, velocity, and
displacement: signials for test LX6277.
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Appendix C

This appendix contains processed transducer signals from 11
tests where an airbag was mounted below the gunsight to supple-
ment the standard restraint system in the Cobra and Apache.

These include five Cobra tests (LX6269 thru LX6273) and six
Apache tests (LX6278 thru LX6283) which were all conducted in the
second phase of testing.

Figures C-i thru C-l show the sled acceleration pulses and
computed velocity and jerk signals for the 11 tests. Note for
test LX6269, the sled pulse was the only transducer signal that
was available for processing.

Figures C-12 thru C-21 display components and resultant head
linear accelerations.

Figures C-22 thru C-31 display the head roll acceleration
signals and computed angular velocities and displacements.

Figures C-32 thru C-41 show the head pitch acceleration
signals and computed angular velocities and displacements.

Figures B-42 thru A-51 display the amounts of belt extension
and the computed velocities and accelerations.
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Appendix C

1. LX6269
2. LX6270
3. LX6271
4. LX6272
5. LX6273
6. LX6278
7. LX6279
8. LX6280
9. LX6281

10. LX6282
11. LX6283



maxima: 23. 98 G 6.27 m/s 1856 G/s
Test: LX6269 minima: -. 84 .00 -1577

-1000

...........- . a.......

..... ... .... .......... .....

..... .....

... ... . .............. . . ..... . ......... ............ ..... ..... . ...... . ........ ....... .

20 .....

20 ..... ..-............. ......... ...........4* . .... 
........... 

................. .....

* 12-

84

so ~ 0%wl... .. .. ... ..

Time: 0 80 160 240 320 1.00 (mO)

Figure C-i. Sled acceleration signal and its computed
velocity and jerk for test LX6269.
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maxima: 20.26 G 10.79 rn/s 774 G/aTosm: LX6270 mi~nima: -. 76 .00 -724

400 - _

0

-400

12

~~ 8 -

4- -- ------

- - a - - a - -- T ----------

16 -- -

121Le1
0 _I

lIme: 0 80 160 240 320 400 (Ma)

F~igure C-2. Sled acceleration signal and its computed
velocity and jerk for test LX6270.
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maxima: 23.15 G 11.50 rn/3 928 G/nTest: LX6271 Miniuma: - .71 .00 -931

0

-500-

12 - - . - -

2 4 * * - - - - - ~ - . - - - - --- - ---- ------ --- --- -

20

16'

12 -- -

* ~~~ ------ __ __I__

lime: 0 80 160 240 320 400 (Ma)

Figure C-3. Sled acceleration signal and its computed
velocity and jerk for test LX6271.



maxima: 25.00 G 11.19 Mn/3 1095 G/aTest: LX6272 minima: -. 48 .00 -1191

- - - .- . -.......- . . ..--

4.00 . ...... ....

0 -------

16 .. .. . .~. . . . ..-.-. --. .-- .------ --.-

12I

0 .... ...........

24I_ _ __ _ _

20 _____

16 .. ....... .... .__...._..........._............._............

LeI

Tkme: 0 so 160 240 320 400 (ma)

Figure C-4. Sled acceleration signal and its computed
velocity and jerk for test LX6272.
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MaXima: 24.70 G 11.09 rn/3 1078 G/3Test: LX6273 minim: -. 48 .00 -1145

0 ..... ,-. ... _ __ _ _

- Sf - S - S - . - ------ - - ---- J

12.

00

00-

4 ------ - ------- - - -

a 1 WNW
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maxima: 6.72 G 8.95 rn/s 582 G/s
Test: LX6278 minima: -. 33 .00 -147

d 4Q 400

200

50

.5-

50

.2.5... . . ....

~~~ . . . .. . . ....... .... ....... -.. ........

0 .. ..

-2

Thus: 0 s0 160 240 320 400 (MnS)

Figure C-6. Sled acceleration signal and its computed
velocity and jerk for test LX6278.
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maxima: 7.13 G 9.33 rn/s 601 G/nTest: LX6279 minima: -. 42 .00 -205

-00 ----------

250-

-250......... -

ii 7.5- 4-- - - '-

5.0

~~~~~~~~~~~~ .....--.-. ...........-....-....

10 . . . . .............. . ..,..... . . .... ... ...... ....... ..

.... . .......... . ...........~~~~~. . . . ...........................................

4..--..---....

1~0

-2

ime: 0 80 160 240 320 400 (ma)

Figure C-7. Sled acceleration signal and its computed
velocity and jerk for test LX6279.



TetmX68 laxm: 27.81 G 11.74 rn/a 1234 G/sTet X20minima: -1.34 .00 -1719

-800

-1600-_

.. .-. . .... - -. ..... .. . .... .....

0 ................ .. . .

20

20

0

8 0

10-

Tie 0 SOIO203040(S
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maxima: 25.54 G 11.26 rn/s 1105 G/3Test: LX6281 minima: -1.37 -.. 00 -1620

800

.. . ...... .... ....... .4......

.1~1_

0

20

12__

4 44

Time: 0 80o 160 240 320 400 (MS)

Figure C-9. Sled acceleration signal and its computed
velocity and jerk for test LX6281.
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maxima: 25.59 G 11.36 mn/3 1118 G/sTest: LX6282 mi~nima: .-1.44 .00 -1685
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maxima: 25.92 G 11.40 m/s 1121 G/s
Test: LX6283 minima: -1.62 .00 -1286

800 ------ _- -

0

124,........ . .

iO .

-iur C- . -led aceea in sina an i- compu -ed

16

velocity and jerk for test LX6283.
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Tet X20 maxima: 6.6 Gx 6. 9 Gy 5.4 GzTet X20 minima: -31.3 -2.3 -34.7

-4014

0 .........-

-20 . _ _

4 - Peak z 43.2 G .......... -
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32 TI. 111.8 S.........s.... .............
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24 ------------------------- - -- -- -S. . a0
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maxima: 6.4 Gx 5.6 Gy 5.0 GzTest: LX6271 mi~nima: -27.4 -7.0 -33.9-

a-L A0

-40

a..... .a.. a... .. . .. a

. a .. . a . . .. a a.. . .. . . .. . .

I P -20

... .... . .. ...... .. . ......a ..... .. . a

4o Peak = 43.6 G ... ... ..- ....

H.I.C.= 190
3 - T = 137.8 ms ........... ..........................................................

... ......

1 6 - ..- ------
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maxima: 2.1 Gx 6.5 Gy 11.3 GzTest: LX6272 minima: -25.1 -4.4 -34.4

- -- -- - .. -..... . .... -. .... ...........

-2 ...... ......... ............ .. ......... ............. ..... ........

N 
. .. . .. . ..

a....-

S 0

0 . .-....

d -10

40 Peak: 42.7 G

H.L.C. - 133

32_ - I z 83.3 ms

T2= 138.1 Ma

heaa aeea to fo tes LX6a
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Tet 23 maxima: 14.0 Gx 8.7 Gy 6.7 GzTet X23 mnm: -40.3 -6.7 -33.9

-...... .....

b0

-40

0 ...... ... ..... ... .........

- ... . -...... . -.... ..... . .. .. .... .... . ........

-20--

...............................

50o Peak = 52.9 G ......... .... .. .... ..........

H..C.= 168

40 ... TI. 122.1 ms

T2. 144.5 ms

1 10

0 -- ----

0 -

ime: 0 40 s0 120 160 200 (MS)

Figure C-15. Three components and resultant of the linear
head acceleration for test LX6273.
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maxima: .8 Gx 2.0 Gy 4.2 GzTest: LX6278 minima: -9. -4.5 -12.8

0

-8 ---

-i - ---- - -----

12.5 * - _ _ _ _ - Pa 3O

5.0-

12.5 -- -4 --- -Pek1.

T-2 4 4.-ima

_ _- .0- -I 5

lime: 0 40 80 120 160 200 (Ma)

Figure C-16. Three components and resultant of the linear
head acceleration for test LX6278.
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maxima: .9 Gx 1.5 Gy 5.4 GzTest: LX6279 minima: -10.4 -2.8 -14.3

VV

~ -8

2

..... . ... . ... . .... . .. .... ........

0

-4

-8

Peak = 14.6 G
1 2 .5 ........ ......... ........ ........ ............................ ...... .

H.I.C.= 35
TI= 54.5 ma

5- 1.0-T2= 3902 ma

S 7.5 ..........

5.. 

..
0. 

.. .. .. ... .. .

I 4*0

lime: 0 40 s0 120 160 200 (me)

Figure C-17. Three components and resultant of the linear
head acceleration for test LX6279.
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maxima: 8.2 Gx 11.2 Gy 16.7 GzTest: LX6280 minima: -191.7 -28.5 -82.4

0 .....

43 -40

-60

0 - --- - -
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0 - ------

200 Peak. 210.4 G .. ..... .. .--...-. ....
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maxima: 6.6 Gx 7. 8 Gy 11.2 Gz
Test: LX6281 minima: -63.3 -14.9 -51.2

43hq -25 -
---- -- T----

.... .. ..

-- --- -- -- --- -- --- -- -. - . - - a

80 Peak = 67.7G *~-

H.I.C. = 398.

60o- T1=z 130.8 ms . ._

T2 x 152.1 ma

-20 I__

lim: 0 40 80 120 160 200 (MS)

Figure C-19. Three components and resultant of the linear
head acceleration for test LX6281.
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maxima: 9.3 Gx 9.9 Gy 9.0 GzTest: LX6282 minima: -80.7 -10.7 -51.1

Nb

- --- - . - . - - -. -

50

-8

*~ ~0 ........ . ... ...........h......~~saa

. .. . ... .... ........
4......... ...

-- --- --- - --

Peak z 95.7 G

TI. 132.1 me

.T2 i50.lme ---

40_

Time: 0 40 80 120 180 200 (me)

Figure C-20. Three components and resultant of the linear
head acceleration for test LX6282.
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mnaxi.ma: 7.1 Gx 16.8 Gy 26.7 GzTest: LX6283 minimra: -224.6 -40.4 -115.2

S-50 - - -_------

-100 - _

--------- - . - .. - -

0

..80-...-....................

. .- .. ......... . .. . ..........

.. . - ....... . ...... ............. ......... - ..... . .... .......

250Peak z 251.4 G

H..C.= 1357
_ 00TI. 116.5 me

T2= 118.8 me

10

0 .... ...i ... .

TIme: 0 40 80 120 160 200 (ine)

Figure C-21. Three components and resultant of the linear
head acceleration for test LX6283.
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maxima: 468 rad/3/3 .9 rad/s 0 degTest: LX6270 mi~nima: -347 -4.1 -12

-8 _

-12

2

-2 - - -.

4

5 300

ja 150

0 wfw

-150- - -

Time: 0 40 80 120 160 200 (MS)

Figure C-22. Head roll angular acceleration, velocity, and
displacement signals for test LX6270.
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maxima: 254 rad/s/s .6 rad/z 0 degTest: LX6271 mini.ma; -318 -5.9 -13

0. -8

-12

%Q -4

-6 - -_

............... ..-......-...

3 00 --- -----...... ........ .................. ....... - ..

10 .... . ..

.100).... .. ---. ...

Time: 0 40 80 120 160 200 (MS)

Figure C-23. Head roll angular acceleration, velocity, and
displacement signals for test LX6271.
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maxima: 1324 rad/s/s 3.3 rad/s 0 dog

Test: LX6272 minima: -515 -7.8 -22

0O - -

--- --------

.. .. . ... .......

0 
............... ....... .....

-4

.. . . . .. . . .. . ... . . .

A 1200 .........

S00 ..... ... . . . . . . * '- . .*

o 400

ime: 0 40 80 120 160 200 (MS)

Figure C-24. Head roll angular acceleration, velocity, and
displacement signals for test LX6272.
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maxima: 320 rad/s/a 1.3 rad/s 0 degTest: LX6273 mi~nima: -1134 -5.6 -14

-2
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---- --4-
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maxima: 332 rad/3/s 4.4 rad/s 22 degTest: LX6278 minima: -122 -10
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Tet X29 maxima: 243 rad/a/3 2. 1 rad/ a 6 degTet X29 minima: -212 -. 70

'121

0 .............. ........ 
.. ..... .....

..... .- . ... . ~ . .. - - - ----- .. ..........

.8 ..... ... ....j......... ....... .. .... .... .. ...

0 ......... -------..................- .------

240

0 )

-80

-160 -----

lime: 0 40 80 120 160 200 (inS)
Figure C-27. Head roll angular acceleration, velocity, and

displacement signals for test LX6279.
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Tet X20 maxima: 1179 rad/s/s 6.8 rad/s 3 dogTet X20 minima: -1578 -8.6 -15

......... .. - .... ..
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-10

-5 --------
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maxima: 563 rad/s/3 4.5 rad/s 2 degTest: LX6281 minima: -754 -10.3 -23

.-.. ... . ... r -....-.. ..... ..

0 *.

-8

-16-----

24

-4

-6

. .. . ... ..... . .... .......... .......
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.6-00 ---------

Time: 040 so 20 160 00 (MS

Figure C-9 Hedrl nua ceeaion eoiy n
dipacmn igasfrt t X2
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maxima: 692 rad/3/s 5.5 rad/3 5 dogTosm: LX6282 mi~nima: -1138 -9.2 -1.6

8....... ...... ................................... ?.......... .

0

0

So

5 400
LN

-200

llm: 0 40 80 120 160 200 (ms)

Figure C-30. Head roll angular acceleration, velocity, and
displacement signals for test LX6282.
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maximr~: 1633 rad/3/s 2. 8 rad/3 2 dogTest: LX6283 mi~nima: -2267 -12.6 -30

0

-20-

-30

.... .. . ... ......... ... -..- *

0

q~.8

-12 z z .......... .............. .........
..............................

-800

q -100-

-2400

ime: 0 40 80 120 160 200 (ms)

Figure C-31. Head roll angular acceleration, velocity, and
displacement signals for test LX6283.
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maxima: 1612 rad/s/s 9.3 rad/s 9 degTest: LX6270 minima: -2227 -20.2-3

S -20 -----
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-0

800

- S - * -

0

-2400 - ----- ........-- 

T0 w 160 40 8 -0 10 10 20 (O)
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maxima: 1931 rad/3/s 20.9 rad/s 28 dogTest: LX6271 minima: -1900 -23.2 -1 .

24 -- -4 i __

0 . .... ...........

0 -- ----- --- : -- ---

2400 ....

1600

o 0

---- ---- -- -.. .. ..

0- -1600

-24M

-2me00 -0 so 120___ 160 200 (MS

Figure C-33. Head pitch angular acceleration, velocity, and
displacement signals for test LX6271.
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maxima: 1857 rad/a/s 15.5 rad/a 26 dog
Test: LX6272 minima: -1260 -27.5 -30

20 - *-

---- -- - ----- - - .. . . - . -

20 - - b -~4

~~~~.. -......- . ...

. ........... .. ..... ........ .......

1500

. .. ...

ThuS: 0 40 s0 120 160 200 (me)

Figure C-34. Head pitch angular acceleration, velocity, and
displacement signals for test LX6272.
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maxima: 30656 rad/s/3 1383.9 rad/s 1980 dogTest: LX6273 minima: -1926 .0 0

1500'

-1000----- ------ ....

5t100 -

1200--

a 400 -

0 ------- ---- ---------- - -

30000,____

25000

20000

15000-

10000 -

so

Time: 0 40 80 120 160 200 (ms)

Figure C-35. Head pitch'angular acceleration, velocity, and
displacement signals for test LX6273.
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Tet X28 max.ia: 775 rad/s/3 7.6 rad/s 36 deg

Tm LX28 mnm:-722 -. 4 0

30-

ft20

10-

0 -------

7.5

5.0

2.5

70

750 -- - ------*-

250-

tj
---- ----

*0

---- --- --

FgrC-6 Hea pic anuar aceeain veoiy and

displacement signals for test LX6278.
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maxima: 538 rad/3/a 3.3 rad/3 3 dogTest: LX6279 minima: -555 -9.2 -22
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Tet X20 maxima: 7304 rad/sa 8.2 rad/s 7 degTet X20 minima: -4112 -33.5 -28

-20- __

2O....................... r ... .......

0 -0-0 ............... ..........-- - --

600 - - ------

-200- - - - - - - -

62000 - - --

-4000D
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maxi.ma: 1644 rad/3/s 5.7 rad/s 4 dog

Test: LX6281 mi~nima: -1994 -16.2 -15

0

-16

* .......... ..... . ...........

-2400 .... .

Time:0 --0 8012-1020-(

Figure C-39. Head pitch angular acceleration, velocity, and
displacement signals for test LX6281.
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maxima: 2163 rad/s/3 13.6 rad/3 13 dogTest: LX6282 minima: -4518 -21.1 -2

12

0 ......

Ito 0

-10

0
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maxima: 8376 rad/s/3 19.7 rad/s 26 dogTest: LX6283 minima: -3890 -35.9-3

0

-40

8000 ... ......... ...... . .. .. .. .. .. ...... ....
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.9 200 ---

.1 0
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------------- -
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maxim: 5.4 cm 1.29 mn/3 5.3 GTest: LX6270 mi~nima- .0 -. 75 -4.8

-48

4.8 -. .. .. .......

4.0

-2. -- --- ---

.8I I

Time: 0 80 160 240 320 400 (MS)

Figure C-42. Amnount of belt extension and the velocity and
acceleration of extension for test LX6270.
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maxima: 4.1 cm 2.49 rn/s 20.0 GTest: LX6271 minima: -3.8 -1.57 -26.6

0

*2 ---- -- .. S.... ...

O-I

6 -----------

4 -

0

- -- - ---- --2 ------

______

a-is

lim: 0 80 160 240 320 400 (me)

Figure C-43. Amount of belt extension and the velocity and
acceleration of extension for test LX6271.



maxima: 24.8 cm 5.96 rn/s 51.0 GTest: LX6272 minima: -. 7 -3.41 -27.0

*0' I_ _ _

-. ------- a-- a *

25

-2.5

20

oAf 18 t -

12j

TMw: 0 s0 160 240 320 400 (Me)

Figure C-44. Amount of belt extension and the velocity and
acceleration of extension for test LX6272.
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maxima: 24.8 cm 6.43 M/3 49.1. GTest: LX6273 minima: -. 3 -3.49 -23.2

40 ... . ......- . .......... . .. I .. -.... ..... . . . .. . ....

- --- -. - -. . .-.

o 20

0

-20 .... ....

-. -- ----- - a - a - - -

2.5

0

244

2_ _ - ---

12 --------- -

-4-

Tim: 0 60 160 240 320 400 (MS)

Figure C-45. Amount of belt extension and the velocity and
acceleration of extension for test LX6273.
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maxima: 5.5 cm 1.02 m/s 10.6 G
Test: LX6278 minima: -1.5 -1.68 -12.2
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maxima: 4.9 cm 1.33 rn/a 11.6 GTest: LX6279 minima: -1.6 -1.69 -15.7
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Figure C-47.. Amount of belt extension and the velocity and
acceleration of extension for test LX6279.

155



maxima: 15.3 cm 5.49 mn/3 41.8 GTest: LX6280 minima: -. 1 -2.62 -24.2
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maxima: 10.3 cm 4.28 rn/s 35.3 GTest: LX6281 minima: -. 1 -1.76 -20.6
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maxima: 12.4 cm 4.61 m/s 31.0 GTest: LX6282 minima: -. 1 -1.65 -21.9

40

20 , -,

00

-20
i 2

0 - - ---------- - .

. ........-...... .............. - -----

12

* 0

2- ------- - -

" -93~

14 : ... ...l.. - -- - - -" - ----- .------- - -i -."

0 i - ----- -- 4---1 0 : 0 2 3 4 (ma)

i8

t I ii I

II I i_ _ _ _ _ I

_ _ _ _

ime: 0 80 160 240 320 400 (ma)

Figure C-50. Amount of belt extension and the velocity and
acceleration of extension for test LX6282.
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maxima: 21.3 cm 6.14 rn/a 42.4 GTest: LX6283 minima: -.1 -3.95 -22.1
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